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COMPLETE SPECIFICATION. 

A Circuit Arrangement for Automatically Tuning a 
Communication Apparatus. 



We, General Dynamics Corporation, a 
Corporation organized under the laws of 
the State of Delaware, United States of 
America, of One Rockefeller Plaza, New 
5 York 20, State of New York, United States 
of America, do hereby declare the inven- 
tion, for which we pray that a patent may 
be granted to us. and the method by which 
it is to be performed, to be particularly 
10 described in and by the following state- 
ment : — 

The present invention relates to circuit 
arrangements for automatically tuning com- 
munications apparatus. The invention is 

15 especially suitable for use in radio appara- 
tus having electronically tuned circuits 
which are to be tuned to a desired fre- 
quency as dictated by the frequency of a 
reference signal. 

20 Heretofore, tuning of radio apparatus has 
been accomphshed by synchronizing a vari- 
able frequency oscillator with a reference 
frequency through the use of a phase 
locked-loop. Amplifier circuits in the 

25 radio were also tuned by means of a con- 
trol voltage generated in the phase locked- 
loop. Such tuning of the radio apparatus 
has not been entirely automatic and has 
required the aid of mechanically or manu- 

30 ally operated devices for switching in dif- 
ferent tuned circuit elements. Tuning ele- 
ments used in variable frequency oscilla- 
tors and tuned amplifiers (e.g. voltage vari- 
able capacitors) are limited in tuning range. 

35 In other words, a tuned circuit containing 
voltage variable capacitors may only be 
tuned over a limited band of frequencies. 
The band of frequencies over which such 
tuned circuits are operative is also a func- 

40 tion of the cost of the voltage variable ca- 
pacitors used therein. Accordingly, it is 

[Price 5s, Gd.] 



desirable that an automatically tuned radio 
be capable of operating in different bands 
in order to cover a wide range of fre- 
quencies without the need for mechanical 
band switching means. The need for mech- 
anically or electro-mechanicaUy operative 
switches, manually operative components 
or complex switching logic to change bands, 
has imposed serious drawbacks an auto- 
matically tuned radio apparatus. 

Therefore, the invention is intended to 
provide communication apparatus which is 
automatically tunable in a wide range of fre- 
quencies, whereby any specific frequency 
within such wide range is determined by 
the frequency of a reference signal and the 
tuning is accomplished without mechanical 
switching or manually controlled devices. 

The above aim has been accomplished in 
a circuit arrangement for automatically tun- 
ing with the aid of a reference frequency 
signal, a conmiunications apparatus having 
at least one tuned circuit, which according 
to the invention is characterized m that, a 
phase locked frequency control loop com- 
prises at least one variable frequency oscil- 
lator including said tuned circuit which is 
connected with its output to one input of 
a comparing circuit the other input of which 
is connected to a source supplying said ref- 
erence frequency signal, the output of the 
comparing circuit being connected to a tun- 
ing voltage generator which generates a 
tuning voltage varying in magnitude at a 
rate determined by the difference in fre- 
quency between the reference frequency sig- 
nal and the variable frequency signal fronj 
said oscillator, said tuning voltage genera- 
tor being connected with its output to said 
tuned circuit and to the input of the vari- 
able frequency oscillator. 
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It is an advantage- of the present inven- 
tion that circuits employing the invention 
are substantially immune to internal fre- 
quency drift producing effects. 
5 It is yet another advantage of the in- 
vention that it is suitable for generating 
signals for injection into a mixer circuit to 
generate a constant intermediate frequency 
which is, automatically, a signal of greater 
10 purity than the reference signals from which 
the intermediate frequency is produced. 

In order that the invention may be clearly 
understood, it will now be described, by 
way of example, with reference to the ac- 
15 companying drawings in which: 

Fig. 1 Is a block diagram of a receiver 
employing an automatic tuning system in 
accordance with the invention; 

Fig. 2 is a more detailed block diagram 
20 of the automatic tuning system shown in 
Fig. 1; 

Fig.' 3 is a more detailed diagram of the 
coarse tuning voltage generator which is 
shown in Figs. 1 and 2; and 

25 Fig. 4 is a more detailed diagram of the 
variable frequency oscillators and their as- 
sociated band switch also shown in Fig. 2. 

Referring to Fig. 1, there is shown a 
receiver which is connected to an antenna 

30 10. The RF signals which are picked up 
by the antenna are transmitted through a 
voltage controlled attenuator circuit 12 to 
radio frequency amphfier circuits 14. The 
voltage controlled attenuator 12 may, for 

35 example, be a diode attenuator or a transis- 
tor attenuator which causes a signal loss 
depending upon the magnitude of a con- 
trol voltage appUed thereto. This control 
voltage may be derived from the intermedi- 

40 ate frequency circuits of the receiver by 
automatic gain control circuits. Inasmuch 
as such circuits may be designed in accord- 
ance with known techniques, they and their 
connection to the voltage controlled attenu- 

45 ation 12 are not shown, in order to simphfy 
the illustration. In addition, the voltage con- 
trolled attenuator receives a signal from a 
lock sensor circuit 18 which effectively 
squelches the input to the receiver f roin the 

50 antenna 10 until the receiver is tuned to 
the desired frequency. 

The RF amplifier 14 is illustrated as hav- 
ing two channels 16 and 18 which are re- 
spectively allocated to different ones of two 

55 frequency bands, namely band A and band 
B While only two channels are illustrated, 
it'will be appreciated that the amplifier may 
have a larger numb er of channels,^ ach allo- 
cafed-tcr-a-succe'Ssive frequency band. In 

60 other words, band A may extend from 2 
mc/s to 3 mc/s. Band B may extend from 
3 mc/s to 4 mc/s, and so forth. The band- 
width '^f the various bands is determmed 
by the choice of voltage variable capacitors 

65 used and the maximum and minimum fre- 
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quencies in each band f max/f min may 
have a fixed ratio. The channel 16 includes 
a pair of voltage controlled tuned circuits 
20 and 22, both tuned to Band A, which 
are connected to opposite sides of a radio 
frequency amphfier 24. The voltage con- 
trolled tuned circuits may be double tuned 
circuits containing a pair of coils and a 
pair of capacitors. The capacitors are volt- 
age variable capacitors. By varying the tun- 
ing voltage applied to these capacitors over 
a tuning voltage buss 26, the circuit may 
be tuned continuously over the entire band 
A. The radio frequency amplifier 24 may 
be a single or multiple transistor amphfier 
which is tuned to the frequency to be re- 
ceived by means of the circuits 20 and 
22. Additional stages of radio frequency 
amphfication similar to the amplifier 24 
may be provided in the channel 16. 

The other channel 18 of the RF amplifier 
also contains a pair of voltage controlled 
tuned circuits 28 and 30. These circuits, 
however, are tuned to band B and may be 
tuned across band B by the tuning voltage 
which is apphed to the buss 26. An RF 
amphfier 32, sunilar to the amphfier 24 is 
also connected between the tuned circuits 

28 and 30. , . , • 

The channels are selected by electromc 
band switches 34 and 36 which are con- 
nected to the input and output terminals 
thereof. These band switches may be diode 
switches of the tyjpe to be described here- 
inafter in connection with Fig. 4. In the 100 
event that more than two channels are util- 
ized, a plurality of gate circuits may be 
employed for electronic band switchmg pur- 
poses. A band switching signal, which may 
be a voltage level, is generated by a band 105 
selection voltage generator circuit 38, such 
as a transistor amplifier which has differ- 
ent output levels when in conductive and 
non-conductive states. A tum-on voltage 
sensor 40, such as a resistance-capacitance 110 
circuit, may be coimected to the power sup- 
ply. Thus, when the power supply is con- 
nected to the receiver (viz. when the re- 
ceiver is turned on), a signal is apphed to 
the generator 38 causing it to saturate m 115 
one state, thereby providing a voltage level, 
say a positive polarity -f to the band 
switches 34 and 38, and thereby mitially 
selectmg the first band, band A, by con- 
necting channel 16 to the remainder of the 120 

receiver. ^ . oo 

The band selection vohage generator 38 
also receives a control voltage along buss 
42 which causes it to switch to the oppo- 
site state, thereby providing a different volt- 125 
age level, say of negative polarity — V^, to 
the band switches 34 and 36 so that the 
other channel 18 is selected. Then, the 
receiver may be tuned through band B. In 
the event that additional channels timed to 130 
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other successive bands are used, the band 
selection voltage generator 38 may include 
a counter which is stepped through its 
counting cycle by successive pulses which 
5 appear on the line 42. The counter will 
translate its count into a code which will 
operate logic gating circuits in the band 
switch 34 to select successive bands in the 
amplifier 14. The turn-on voltage sensor 

10 may, for example, be connected to the re- 
set terminal of the counter so that when 
the receiver is turned on, the band A chan- 
nel is connected initially. 

The output of RF amplifier 14 is con- 

15 nected through the output band switch 36 
to a mixer 44. The mixer also receives an 
injection signal from a phase locked-loop 
46. The phase locked-loop is automatic- 
ally tuned to the proper frequency for the 

20 signal to be received. This tuning is ac- 
complished automatically, as will be des- 
cribed in detail hereinafter. The received 
signaljsj:raaslated in fre.naiejac y7toi5ie^e - 
sired intermedi ate freq uenc y which is 

25 selected*by"the intermediate frequency cir- 
"cuif^ryr The latter circuits are connected 
to utilization circuits 48 which may, for ex- 
ample, include demodulation circuits of 
various types (viz. AM, FM, PM, FSK, and 

30 the like). Of course, if single sideband sig- 
nals are received, requisite filtering may be 
included in mode selection circuits (not 
shown) which cooperate with the IF cir- 
cuits. 

35 The phase locked-loop 46 provides tun- 
ing voltages for tuning the receiver. Thus, 
tuning voltages are generated in a fine tun- 
mg voltage generator 50 and in a coarse 
tuning voltage generator 52, both of which 

40 are connected in the phase locked-loop. 
The phase locked-loop also contains vari- 
able frequency oscillators 54 and 56 for 
band A and band B, respectively. These 
oscillators may be tuned through their re- 

45 spective bands by the tuning voltages which 
are generated in the fine and coarse tuning 
voltage generators 50 and 52 and applied 
thereto. The buss 26 is connected to the 
output of the tuning generators 50 and 52 

50 and applies the tuning voltage to the volt- 
age controlled tuned circuits 20, 22, 28 and 
30 in the RF amplifier 14. Only one of 
the VFOs 54 and 56 is connected in the 
loop 46 at any one time by means of an 

55 electronic band switch 58. The switch 58 
may be simlar to the switches 34 and 36. In 
the event that additional bands are utihzed, 
additional VFOs corresponding thereto, 
which can be tuned through each of such 

60 bands, may be provided. The desired VFO 
and the desired RF amplifier channel are 
conjointly selected by control voltages ap- 
plied to the switches 34, 36, and 58 by the 
band selection voltage generator 38. 

65 The selected VFO provides the mixer 



selection signal which is applied to the 
mixer 44 by way of a buffer amplifier 60. 

The selected VFO output is also circu- 
lated around the phase locked-loop through 
another ampUfier 62. The loop is closed 70 
through a phase detector 64, the output of 
which is connected to the tuning voltage 
generators 50 and 52 through another buf- 
fer amplifier 66. 

The receiver is tuned by means of a ref- 75 
erence signal which may be obtained from 
a frequency synthesizer and is apphed to 
an input of the phase detector 64. This 
reference signal may be of any frequency 
within the band over which the receiver is 80 
operative. The reference signal should, 
however, be offset from the frequency to 
which the receiver is to be tuned by the 
IF frequency, in accordance with super- 
heterodyne techniques. The coarse tun- 85 
ing voltage generator responds to outputs 
of the phase detector which indicates that 
the reference signal is outside of the cap- 
ture range of the phase locked-loop. It 
produces a tuning voltage which varies in 90 
amplitude in accordance with the difference 
in frequency between the reference signal 
frequency and the selected VFO output fre- 
quency. In the event that the maximum 
value of the coarse tuning voltage does not 95 
bring the selected VFO within the locking 
range of the loop, the coarse tuning control 
generator produces a control signal along 
line 42 which operates the band selection 
voltage generator and causes a band switch- 100 
ing operation. The coarse tuning voltage 
then again increases in amplitude (viz. re- 
cycles) until the reference signal is within 
the capture range of the loop. At that 
time, the fine tuning voltage generator pro- 105 
duces a fine (varying DC) tuning voltage 
which brings the loop into locked condition. 
Simultaneously, the RF amplifier is tuned 
to the desired frequency. When the re- 
ceiver is locked, the coarse tuning voltage HQ 
generator operates the lock sensor circuit 
18 to permit the received signal to enter 
the receiver. Inasmuch as the phase locked- 
loop is an effective filtering device, it is 
tolerant of distortion of the reference sig- 115 
nal, and does not lock to spurious frequency 
components of the reference signal. More- 
over, the phase locked-loop continuously 
adjusts, say in the presence of drift due to 
temperature effects and the like, so that the 120 
receiver remains tuned to receive the de- 
sired frequency. 

The phase locked-loop 46 is shown in 
greater detail m Fig. 2. The phase detec- 
tor 64 is desirably a double balanced phase 125 
detector; i.e., both the reference signal and 
the VFO output signals are balanced out in 
the circuit, and only the modulation pro- 
ducts (fr -h f,^) and (ff — fv) appear, where 
fr is^ the reference frequency and fr is the 130 
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VFO frequency. The low pass filter 68 
passes only the difference frequency fr — 
f^) and applies it to an amplifier 66. The 
amplifier 66 is desirably an operational am- 
5 plitier having the proper feedback con- 
nected between its output and its mput 
to provide a preset time constant A T 
which provides filtering action in the loop, 
thereby preventing high frequency tians- 

10 ients from interfering with proper loop 
operation. In the event that the VFO out- 
put which is applied to the phase detector 
64 is outside of the locking range of the 
loop, for instance where the difference fre- 

15 quency is more than a few cycles per sec- 
ond, an alternating current signal passes 
through the filter 68 and is appUed to Uie 
circuits of the coarse tuning generator 52. 
This latter signal may be referred to as an 

20 error signal. The error signal is a slowly 
varying DC voltage when the difference fre^ 
quency is within a few cycles. This DC 
voltage is generated as the fine tuning volt- 
age and is passed through ampUfier 66 and 

25 driver amplifiers 70 which are wide band 
amplifiers also capable of passing DC sig- 
nals. Thus, the circuitry from the output 
of the phase detector 64 through the dnver 
amplifiers 70 provides the fine tuning volt- 

30 age generator 50. The driver amplifiers 70 
also combine the output of the coarse tun- 
ing voltage generator 52 with the fine tun- 
ing voltage and apply them together to tte 
VFOs 54 and 56 as well as to the buss 26. 

35 The VFOs 54 and 56 will be described in 
greater detail in connection with Fig. 4. 
Briefly, they contain voj[tage:pri|Me_ca^ 
pacitors, the capadtanee-presented""by-whicfa 
^is-vafieS^in^accordance with the amphtude 

46of"TEeTuning voltage. The tuning voltage 
may vary by as much as 100 volts in the 
illustrated system. As mentioned above, 
however, the number of bands utilized de- 
pends upon the tuning range of the voltage 

45 variable capacitors. This tuning range 
generally depends upon the voltage which 
these capacitors are capable of handling, at 
least as regards voltage variable capacitors 
which are presently available. Thus, the 

50 number of bands and the range of tuning 
voltage amplitude are related to each other. 
The system admits the use of many bands, 
and thus permits the use of low cost avail- 
able voltage variable capacitors. 

55 The error voltage is applied to a pulse 
shaper and amplifier circuit 72 in the coarse 
tuning voltage generator 52. This circuit 
may, for example, include an amplifier 
stase, a differentiator circuit, and a thresh- 

60 old' detector connected in the order stated, 
which in effect, constitutes a positive cross- 
over detector and provides a pulse for each 
cycle of the difference frequency compon- 
ent of the error voltage. In order to pre- 

65 vent introduction of any unwanted signals. 



a level sensing circuit may be used, for 
example, a reversely biased diode switch 
which prevents the amplifier from operat- 
ing when signals are below a certain level. 
These pulses are applied to a variable fre- 70 
quency clock circuit 74. This circmt may 
be a flip-flop which is synchronized by the 
pulses but which can not provide out- 
put pulses at a rate which exceeds 
a certain rate consistent with the 75 
locking speed of the loop and the 
counting capacity of a counter m the 
staircase voltage generator 76 to which 
the output of the block pulse generator is 
connected. The last mentioned counter 80 
may be a binary counter having a plurahty 
of successive flip-flops which enables me 
connection of a voltage source to a ladder 
network in accordance with the count stored 
therein. The ladder network produces a 85 
staircase voltage which is amplified to the 
desired level by means of the driver ampb- 
fiers 70. As the difference frequency com- 
ponent of the error voltage becomes smaUer, 
the duration or width of the steps in the 50 
staircase increases. Accordingly, the tun- 
ing voltage permits the selected vanable 
frequency oscillator, either 54 or 56, to 
approach the reference frequency at a de- 
creasing rate. This feature effectively re- 95 
duces the inertia in the coarse tunmgcir- 
cuits and precludes "overshoot". Thus, 
the phase locked-loop graduaUy approaches 
its locking range and readily locks to the 
desired frequency. 

The capacity of the counter is, however, 
limited to a count which will result in a 
voltage which tunes the selected VFO to 
a frequency near the upper end of its band. 
This frequency desirably overlaps the fre- 105 
quency at the lower end of the next band. 
In other words, band A may end at 3 
mc/s and band B may start at 2.7 mc/s. 
When the maximum count is reached, 
which in the illustrated case is 8.192 (2^^ = 110 
8,192; counter with 13 stages), the counter 
applies a pulse to the band sensmg circuits 
78. These circuits, in turn, apply a con- 
trol voltage to the band selection voltage 
generator 38 which effects a band switching 115 
operation. Once the next band is selected, 
another cycle of staircase voltage is pro- 
duced which should bring the phase locked- 
loop 46 into lock with the reference signal. 
In the event that only two bands are used 120 
(viz, band A and band B, as illustrated), 
the reference signal should lie within lliose 
bands. Additional bands may be provided, 
as mentioned above. ^ 

The coarse tuning voltage generator 52 
is illustrated in greater detail in Fig. 3. The 
error voltage is applied to the pulse ampli- 
fier which provides a train of pulses of 
varying frequency in the event that (fr — 
U), the difference frequency component, ex- 130 
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ists. This train of pulses is applied to the 
lock sensor circuit 18 which is a peak de- 
tector circuit containing a diode 80 and 
an RC filter 82. This circuit may be con- 
5 nected to a DC amplifier and thence to the 
voltage controlled attenuator 12 (Fig, 1) so 
as to squelch the input signal to the re- 
ceiver before the receiver is tuned. Of 
course, when the receiver is tuned, the dif- 

10 ference frequency component disappears 
and the squelch voltage generated by the 
circuit 18 is not effective. 

The pulse train is appHed to the variable 
frequency clock 74 which contains a trig- 

15 gerable flip-flop 84. Only the "0" output 
of flip-flop 84 (viz. the output which is at 
B+ potential when the flip-flop is reset 
and at ground potential when the flip-flop is 
set), is used. The "0" output of flip-flop 84 

20 is connected to a charging circuit including 
a resistor 86 and a capacitor 88. The base 
of a transistor 90 is connected to the junc- 
tion of this resistor and capacitor. The 
collector of this transistor is connected to 

25 the reset terminal of the flip-flop 84. The 
charging circuit and the transistor 90 as- 
sure that the flip-flop 84 will not exceed a 
certain maximum switching rate, for ex- 
ample 200 kc/s, and will produce an out- 

30 put pulse rate within the counting rate 
capabiUty of the staircase generator 76, as 
well as the dynamic response range of the 
phase locked-loop. This frequency limita- 
tion results since the capacitor will not 

35 charge to a sufficient voltage to trigger the 
transistor and therefore inhibits the flip- 
flop switching rate if it exceeds 200 kc. 
In other words if the flip-flop switch- 
ing rate is below 200 kc, the ca- 

40 pacitor 88 can charge sufficiently through 
the flip-flop to reach a charge sufficient to 
trigger the transistor 90. This grounds the 
reset terminal allowing proper flip-flop ac- 
tion. However, if the flip-flop switching 

45 rate is high, the capacitor 88 does not have 
sufficient time to charge and the transistor 
90 will not be triggered. The "0" output 
of flip-flop 84 is applied to the counter 76, 
and since the flip-flop is a "divide by 2" 

50 device, pulses at a 100 kc rate will be ap- 
plied to the counter 76. The counter is a 
binary counter made up of thirteen flip- 
flop stages, 92, 94, 96, 98, 100, 102, 104, 
106, 108. 110, 112, 114 and 116. These 

55 stages are connected in tandem, with the 
"0" output of the preceding stage con- 
nected to the trigger input of the succeed- 
ing stage. The counter cooperates with a 
ladder network made up of thirteen resis- 

60 tors and a load resistor 118. The thirteen 
resistors are indicated by the legends 2°n 
+ 2^^n. Alternate pulses applied to the 
trigger input T of each flip-flop will con- 
nect its output 0 to the voltage source at 

65 + B. This voltage source will then be con- 



nected to the resistor of the ladder net- 
work connected to the flip-flop output. The 
ladder network resistors and the load re- 
sistor 118 constiute a voltage divider with 
the output voltage thereof taken across the 70 
output load resistor 118. Accordingly, 
as the pulses are applied to the input 
of the first flip-flop 92 (the trigger in- 
puts responding in the case of these 
flip-flops only to the negative going por- 75 
tion of the pulse), a successive step of 
the staircase voltage will appear across the 
output resistor 118. The duration of each 
step will depend upon the triggering pulse 
rate. Accordingly, as the triggering pulse 80 
rate decreases with a decreasing difference 
frequency component of the error voltage, 
the steps of the staircase will become wider. 
This permits the phase locked-loop to 
slowly approach locked conditon. In other 85 
words, the condition where the fine tuning 
voltage can lock the loop is reached at a 
decreasing rate. This permits 'capture" of 
the loop by the reference voltage without 
"overshoot" and more rapid acquisition of 90 
the reference signal. 

When the maximum count is reached, 
(viz. 8,192), the last flip-flop 116 produces 
an output pulse which triggers a flip-flop 
120. The flip-flop 120 provides the band 95 
sensing circuit 78 and produces an output 
voltage level of either -fV^ or O which is 
applied to the band selection voltage gener- 
ator 38. When this voltage is positive (viz. 
when the flip-flop 120 is set, the receiver 100 
is conditioned to operate in band A. how- 
ever, when the output of flip-flop 
116 is +Vs, the receiver is conditioned to 
operate in band B). The effectiveness of 
the opposite polarity switching voltages 105 
generated in the band selection voltage 
generator 38 in selecting the different bands 
will be more apparent from Fig. 4 where 
it is shown how a diode electronic band 
switch responds to such opposite polarity 110 
levels to select either band A or B. When 
the second band, for instance band B, is 
selected, the coujiter starts a new cycle and 
will produce a staircase voltage which will 
^ne the receiver to a frequency within band 115 

The band A and band B variable fre- 
quency oscillators 54 and 56 are shown in 
Fig. 4. The band A oscillator 54 includes 
an amphfier 122 which is connected in 120 
Hartley configuration with a tuned circuit 
124. The tuned circuit also includes a pair 
of voltage variable capacitor diodes 126 to 
which the tuning voltage is applied by way 
of a resistor 128. The band B variable fre- 125 
quency oscillator is identical except that 
the inductor in its tank circuit is of a differ- 
ent value of inductance than the inductor 
124 of the band A oscillator 54 so that the 
band B oscillator may operate in the higher 130 
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ftequency band. The output taps 130 and 
132 of the oscillators 54 and 56 are con- 
nected through diodes 134 and 136 and 
through a capacitor 138 to the oscillator 
5 output which in turn is connected to the 
input of the amphfiers 60 and 62 which 
feed the mixer and the phase detector. 
. The diodes 134 and 136 and the circuit 
components connected thereto provide the 

10 electronic band switch 58. These circuit 
components are another pair of diodes 140 
and 142, which are oppositely polarized and 
connected to ground, coupling capacitors 
144 and 148 and DC path completing re- 

15 sistors 150, 152 and 156. 

Wben the band A selection voltage in- 
dicated as +Vi is applied to the switch 
58 from the band selection voltage gener- 
ator, the diode 142 is biased into its con- 

20 ducting condition as is the diode 134. 
Whereas, the diodes 140 and 136 are re- 
versed biased. Accordingly, the band B 
oscillator 56 output is shunted to ground 
through the capacitor 148 and diode 142, 

25 while the band A oscillator output is applied 
to the output line by way of the forward 
bias diode 134. Similarly, when the band 
B selection voltage — is applied to the 
diodes, the diodes 136 and 140 are forward 

30 biased, while the diodes 134 and 142 are 
reversed biased. Accordingly, only the out- 
put of the band B VFO 56 is applied to 
the output line. Shnilar diode electronic 
switches may be used to provide the re- 

35 quisite connections in the band switches 34 
and 36 (Fig. 1). 

Summarizing, an automatic tunmg system 
embodying the invention is adapted to 
operate with a radio apparatus having 

40 tuned circuits, for example, in the radio 
frequency amplifiers thereof, and which con- 
tains voltage controlled tuning elements 
such as voltage variable capacitors. These 
circuits can be arranged in different channels, 

45 each channel being provided for a different 
frequency band. Electronically operated 
switching means are connected to the chan- 
nels for selecting the desired band. A vari- 
able frequency oscillator is provided for 

50 generating mixer injection signals, in the 
event that the radio apparatus is of the 
superheterodyne type. Separate variable 
frequency oscillators may be provided for 
each band and may be selected by electronic 

55 switching means. The variable frequency 
oscillator is contained in a phase locked- 
loop together with a phase detector and a 
pair of generators which supply coarse and 
fine tuning voltages. These voltages are to- 

60 gether applied to tuned circuits in the vari- 
able frequency oscillator and in the ampli- 
fiers for controlling the frequency thereof. 
The radio system is tuned by the reference 
signal which is applied as an input to the 

65 phase detector in the loop. The phase de- 



tector produces an error signal which is 
applied to the fine and coarse tuning volt- 
age generators. The coarse tuning voltage 
generator includes a circuit for generating 
a staircase voltage which increases in magnir 70 
tude at a rate which depends upon the dif- 
ference in frequency between the reference 
signal frequency and the variable frequency 
oscillator output frequency. When the vari- 
able frequency oscillator output and the 75 
reference signal are substantially synchron- 
ized, die fine tuning voltage generator pro- 
vides a tuning voltage which is a function 
of the varymg difference in phase between 
these signals and locks the variable fre- 80 
quency oscillator to the reference signal. 
The coarse tuning voUage generator in- 
cludes a variable frequency clock, specific- 
ally a counter, which counts at a rate de- 
termined by the component of the phase 85 
detector error voltage which is a function 
of the difference in frequency between the 
variable frequency oscillator output and the 
reference signal This counter controls the 
generation of a tunmg voltage of staircase 90 
waveform. When the counter reaches a 
predetermined count, it produces a control 
voltage which indicates that the reference 
signal is out of the tuning range of the 
tuned circuits in the band which is in use. 95 
This control voltage operates the electronic 
band switching means to select the next 
band and the coarse tuning process is re- 
peated. In this manner the tuning capability 
of the system is repeatedly used until the 100 
circuits are tuned to the frequency dictated 
by the reference signal. Since the repeated 
use or "search", is accomplished electronic- 
ally, the time to change frequency bands^ is 
minimized and manual control is elimm- 105 
ated. ^ . ^ 

Since an increasmg (staircase) voltage is 
used to perform the coarse tuning, the 
operation of the circuit is nearly unaffected 
by temperature, ageing, etc. If an out-of- 110 
lock condition occurs, the circuit merely re- 
cycles to a new coarse tuning voltage posi- 
tion and relocks. . 

From the foregoing description, it wiU be 
apparent that there has been provided im- 115 
proved automatic tuning apparatus which 
is used in a receiver. It will be appreciated 
that the apparatus described is also suit- 
able for use in television and other radio 
apparatus, including exciters, transmitters 120 
and the like. 

WHAT WE CLAIM IS : — 
1. A circuit arrangement for automatic- 
ally tunmg with the aid of a reference fre- 
quency signal, a communications apparatus 125 
having at least one tuned circuit, wherein 
a phase locked frequency control loop in- 
cludes at least one variable frequency oscil- 
lator including said tuned circuit which is 
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connected with its output to one input of 
a comparing circuit the other input of which 
is connected to a source supplying said re- 
ference frequency signal the output of the 
5 comparing circuit being connected to a 
tuning voltage varying in magnitude at a 
rate determined by the difference in fre- 
quency between the reference frequency 
signal and the variable frequency signal from 
10 said oscillator, said tuning voltage generator 
being coimected with its output to said 
tuned circuit and to the input of the vari- 
able frequency oscillator. 

2. The circuit arrangement according to 
15 claim 1, wherein a plurality of tuned cir- 
cuits are provided each of which is tun- 
able over a different frequency band, and 
wherein a frequency band selection gener- 
ator is connected with its input to the out- 

20 put of the tuning voltage generator, and 
with its output to electronic frequency band 
selection switches for switching between said 
plurality of tuned circuits. 

3. The circuit arrangement according to 
25 claim 1 or 2, wherein the tuning voltage 

generator comprises a counter which ad- 
vances one count for each cycle of said dif- 
ference in frequency, said counter having 
connected to its stages an impedance net- 
30 work, a common point of such network be- 
ing connected to a load across which a 
staircase voltage is produced which corres- 
ponds to said tuning voltage. 

4. The circuit arrangement according to 
35 claims 2 and 3, wherein the output of the 

last counter stage is connected to a bistable 
stage which provides an output voltage 
which differs for successive counting cycles 
of the counter, the output of said bistable 
40 stage being connected to the frequency band 
selection generator, 

5. The circuit arrangement according to 
any one of claims 1 to 4, wherein a fre- 
quency mixing circuit is coimected with 

45 one of its inputs to said tuned circuit, while 
the other mixing circuit input is connected 
to said variable frequency oscillator which 
is responsive to said tuning voltage. 

6. The circuit arrangement according to 



any one of claims 1 to 5, wherein the timed 50 
circuit comprises tuning elements the react- 
ance of which varies in accordance with 
said tuning voltage. 

7. The circuit arrangement according to 
any one of claims 1 to 6, wherein the com- 55 
paring circuit is a phase detector circuit 
v/hich produces an error signal supplied to 
said tuning voltage generator. 

8. The circuit arrangement according to 
any one of claims 2 to 7, wherein a number 60 
of variable frequency oscillators is provided 
which number corresponds to the number of 
frequency bands. 

9. The circuit arrangement according to 
any one of claims 3 to 8, wherein said im- 65 
pedance network and its counter stages pro- 
duce said tuning voltage so that it increases 
stepwise in accordance with the increase 

in frequency of the voltage at the output 
of the comparing circuit until such output 70 
voltage attains a predetermined value 
whereupon the tuning voltage decreases 
abruptly. 

10. The circuit arrangement according 

to any one of claims 1 to 9, comprising a 75 
coarse tuning voltage generator and a fine 
tuning voltage generator, said coarse tun- 
ing voltage generator being responsive to 
the difference in frequency between the 
said reference frequency signal and the vari- 80 
able frequency signal while the fine tuning 
voltage generator is responsive to the dif- 
ference in phase between these signals, and 
band selection means responsive to the 
coarse tuning voltage when said frequency 85 
difference is greater than a predetermined 
number of cycles per second. 

11. A circuit arrangement for auto- 
matically tuning v^th the aid of a refer- 
ence frequency signal, a commimications 90 
apparatus, constructed and arranged sub- 
stantially as described with reference to the 
acompanying drawings. 

STEVENS, HEWLETT & PERKINS, 
Chartered Patent Agents, 
5 Quality Court, 
Chancery Lane, 
London, W.C.2. 
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